respectively, recorded at 18.8 T and νR = 20 kHz using DEPTH sequence.
SA10
27 Al direct excitation MAS spectra of dehydrated ASA samples. a) SA/50 and b) SA/10 samples were dehydrated at 723 K and loaded with ammonia, and recorded at 18.8 T and νR = 20 kHz. The pulse length was tp = 1 µs and the rf field strength was ν1 = 100 kHz. These parameter values allow the acquisition of 27 Al signals under quantitative conditions and would produce a flip angle of 30° for 27 Al nuclei in an isotropic liquid. NS = 2048 transients with RD = 0.5 s and NS = 640 with RD = 4 s were accumulated for SA/10 and for SA/50, respectively. Longitudinal relaxation T1 was 0.5 and 1.5 s for SA/10 and SA/50, respectively. Supplementary Tables   Supplementary Table 1 a Average isotropic chemical shift determined from the deconvolution of 27 Al 1D direct excitation MAS spectra (see Supplementary Fig. 3 ). b Average CQ constant determined from the deconvolution of 27 Al 1D direct excitation MAS spectra (see Supplementary Fig. 3 ). c Fraction of a given 27 Al local environment determined from the deconvolution of 
Supplementary Methods
Preparation o f A SA Amorphous silica-alumina (ASA) catalysts were prepared within microseconds at extremely high temperature (ca. 2000 K) by the flame-spray pyrolysis technique. 4 Briefly, the appropriate amounts of the precursor materials were dissolved in a 1:1 (vol.) mixture of acetic acid and methanol. The resulting solution was filtered using a glass filter, pumped through a capillary at a rate of 5 mL.min -1 , and nebulized by using an O2 flow rate of 5 L.min -1 and ignited by an annular supporting methane/oxygen flame (1.5/0.9 L.min -1 )
to generate ASA nanoparticles with a large amount of Al V species. The specific surface areas, the concentration of OH groups and the density of BAS of these ASA materials were determined in our previous works 4 and summarized in Supplementary Sample preparation for NMR investigation. Before NMR experiments, the samples filled in glass tubes were dehydrated at 723 K for 12 h at a pressure lower than 10 -2 bar. These dehydrated samples were sealed in the glass tubes or directly loaded with ammonia on a vacuum line. Subsequently, the loaded samples were evacuated at 393 K for 1 h to remove the weakly physisorbed molecules. The samples were then transferred into the MAS rotors under dry nitrogen gas inside a glove bag. As already mentioned in the main text, the MAS frequency for all NMR experiments was νR = 20 kHz.
H M AS D NMR experiment.
The 1 H spectra were acquired using the DEPTH pulse sequence, which allowed quantitative measurements because (i) we used echo times shorter than 40 µs, and (ii) spinning sidebands were small because of weak 1 H-1 H dipolar couplings.
For these experiments, the rf field amplitude, the number of scans and the recycle delay were equal to: ν1 = 62.5 kHz, NS = 32 and RD = 5 s.
27 Al 1D MAS and 2D MQMAS experiment. The 27 Al NMR 1D MAS spectra were acquired under quantitative conditions with direct-excitation. Additional details about these experiments are given in the caption of Supplementary Fig. 3 . 1D spectra were processed with linear back prediction over 10 µs (5 complex points) in order to restore a flat baseline. The 27 Al MultipleQuantum MAS (MQMAS) NMR spectra of SA/10 and SA/50 were recorded using the threepulse z-filter MQMAS pulse sequence. 2 The 2D spectra were sheared with the xfshear program Fig. 1a and b) are dominated by a strong signal of SiOH groups (δ1H = 1.9 ppm), which masks that of BAS. After loading with ammonia, BAS protonates adsorbed ammonia to ammonium ions, leading to a strong signal at δ1H = 6.7 ppm ( Supplementary Fig. 1c and d) . It evidences the presence of BAS in ASA materials under study. Moreover, the densities of BAS in SA/10 and SA/50 (9.7 and 13.1 mmol.g -1 ) have been determined from the integrated intensity of ammonium signals.
Supplementary Note 2
We estimated the quadrupolar parameters of Al IV and Al V nuclei in ASA loaded with ammonia from the 27 Al MQMAS NMR 2D spectra ( Supplementary Fig. 2 ) and the direct excitation 27 Al 1D spectrum acquired under quantitative conditions. where I = 5/2 is the spin quantum number of 27 Al and v0 its Larmor frequency. Then, the quadrupolar coupling constant can be estimated from the SOQE value since:
where, the range of asymmetry parameters is limited to 0 ≤ ηQ ≤ 1, and thus the range of the quadrupolar coupling constant is restricted to SOQE ≤ CQ ≤ 1.15.SOQE. As a result, the SOQE parameter directly determined from the MQMAS 2D spectra can be used as an initial input CQ value for the fitting and deconvolution of the 27 Al 1D MAS spectra acquired under quantitative conditions (see Supplementary Fig. 3 ), whereas Supplementary Equation 2
provides an initial input value for the isotropic chemical shift value. The fits of the 1D NMR spectra were carried out using DMfit software 7 using as input parameters those determined from the analysis of the corresponding 2D MQMAS spectrum. Table 2 was also checked by simulating the 2D MQMAS spectra (see Supplementary Fig. 2 Table 2 ) and similar number of protons in their vicinity (see Fig. 4 ). Under those conditions, the relative amount of BAS-Al IV and BAS-Al V can be estimated from the relative integrated intensities of the deconvoluted signals of those sites in 27 Al-{ 1 H} D-HMQC experiment (Fig. 3) . The fits shown in Supplementary Fig. 4 used the same parameters determined previously by fitting the 1D MAS ( Supplementary Fig. 3) , and only the fractions of the aluminum species were allowed to 
Supplementary Note 4
The 
